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Abstract
Background and Objectives
Novel diagnostic techniques and neurologic biomarkers have
greatly expanded clinical indications for CSF studies. CSF is most
commonly obtained via lumbar puncture (LP). Although it is
generally believed that LPs are well tolerated, there is a lack of
supportive data for this claim, and patients anticipate LP to be
painful. The objective of this study was to prospectively investigate
discordance between patient perception and tolerability of LP.

Methods
Adult patients were surveyed before and after LP regarding their
perceptions and experience of LP. Physician perceptions were gathered through a web-based
survey. Relative risk and Spearman correlation were used to assess the relationship between
responses. Paired binomial and paired ordinal responses were compared byMcNemar and paired
Wilcoxon rank-sum tests.

Results
A total of 178 patients completed the surveys. About half of the patients (58%) reported anxiety
pre-LP, at median 3.0 of 10. Physicians overpredicted patients’ pre-LP anxiety (median score 5.0,
p < 0.001). Experienced pain was significantly less than predicted pain (median scores 0 and 3.0,
respectively, p < 0.001). Patients who predicted pain were more likely to report pain from LP
(relative risk [RR] 1.3). Predicting pain was also correlated with anxiety before LP (p < 0.001).

Discussion
LP was generally well tolerated. The majority of patients experienced minimal pain. Antici-
pation of pain was correlated with both feeling anxious and experiencing pain. The results of
this study can be used to reassure patients and providers that LP is indeed not as painful as
imagined, which may both reduce pre-LP anxiety and improve LP tolerability.

Despite modern neuroimaging and advancements in serum testing, CSF analysis remains
critical in the diagnosis of infections, malignancy, and inflammation of the CNS.1,2 In addition,
novel diagnostic techniques, liquid biopsy, and the development of CSF biomarkers for
neurodegenerative diseases, neuroinflammatory disease, and CNS malignancies have greatly
expanded clinical indications for lumbar puncture (LP).3-6 Indeed, consensus guidelines for
several neurologic diseases support the use of CSF analyses.7-10 Therapeutically, LP may be
useful in removing excess CSF to temporarily relieve symptoms due to increased intracranial
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pressure.11,12 In addition, select therapeutics may be instilled
directly into the thecal sac, although intraventricular meth-
ods are generally preferred.13 Anecdotal evidence suggests
that patients fear LP and anticipate a long, painful procedure.
However, LP is generally well tolerated.3 These discordant
perceptions have led to hesitance in performing LPs in both
clinical practice and clinical research settings.14-16 As con-
sultants, neurologists recommend CSF collection and com-
monly face questions regarding tolerability of the procedure.

Answers to such questions are commonly limited to physician
experience and recollection and do not take into consideration
direct questioning of patients. The current, limited research on the
tolerability of LPs presents conflicting results: A study of patients
with idiopathic intracranial hypertensionwhocompleteddiagnostic
LPs showed high rates of postprocedural complications, withmany
patients reporting significant post-LP pain and anxiety.17 In con-
trast, in memory and aging clinic patient populations, LPs are
generally well tolerated with few serious adverse events,14,18 sug-
gesting that there may be differences in LP tolerability in different
patient populations. Importantly, in these studies, pre-LP patient
opinion was not solicited. We hypothesized that patient pre-LP
anxiety may significantly contribute to pain during the procedure.
Moreover, we anticipated significant discordance between patient
perceptions and physician perceptions of the procedure.

Methods
Patient Surveys
Clinicians were asked to distribute the surveys to patients
who were undergoing LP and collect the completed surveys.
One pair of surveys was collected per patient to avoid re-
petitive sampling. A total of 182 patients initiated the surveys
from January 2017 to October 2019. Four patients were ex-
cluded due to incomplete surveys, and 178 patients com-
pleted both pre- and post-LP surveys.

The pre- and post-LP surveys consisted of paired, matched
questions regarding patient understanding of indication for
LP, previous LP experience, and, if so, how long ago, with
multiple-choice answers. The surveys also queried patient
anxiety related to LP, predicted (pre-LP) and experienced
(post-LP) pain related to LP, and 5 symptoms including
headache, nausea, generalized pain, and vision or gait distur-
bance pre- and post-LP. Symptoms were then rated in a
11-point scale from 0 (none) to 10 (most severe). Absent
symptoms were assigned a rating of 0.

Nonsurvey Patient Data
Nonidentifying demographic information was obtained for each
patientwho completed the survey. This includedpatients’ sex, age
range, body mass index (BMI) range, and cancer type if appli-
cable. In addition, we encoded information regarding the pro-
cedures including indications (diagnostic, therapeutic, and both),
type of performing clinical provider, LP setting (inpatient vs
outpatient), location (bedside vs interventional radiology), and
procedure success. If patients were takingmedications for anxiety

or pain before the procedure, the clinicians were asked to record
the medication, dose, and schedule, noting whether the patients
were taking the medication regularly or just for the procedure.

Physician Survey
A web-based survey link using RedCapwas emailed to physicians
at Memorial Sloan Kettering Cancer Center and University of
Michigan. A total of 300 completed the anonymous survey from
May 2019 to June 2019. The specialties surveyed included neu-
rology, neurosurgery, internal medicine, and oncology. The phy-
sician survey consisted ofmultiple-choice questions. The questions
addressed: clinical department, sex, age range, years in clinical
practice, whether the physician performs LP as part of the clinical
practice, how often LPs are ordered, if the physician thinks the LP
causes anxiety or pain in patients and rate the assumed anxiety and
pain between 0 (none) and 10 (most severe).

Statistical Analyses
Descriptive statistics were used to characterize patients’ de-
mographics and disease status. Paired binomial data, including
the comparison between pre- and post-LP symptom presence
(yes or no) and the comparison between likelihood to repeat LP
in the future before and after the LP, were compared using
McNemar tests. Paired ordinal data, including the comparison of
the severity ratings of symptoms before and after LP, were
compared using paired Wilcoxon rank-sum tests. The Pratt
method was used to handle ordinal responses with ties. Effects of
various pre-LP factors on post-LP responses were quantified by
relative risks and Spearman correlations. Subgroup (e.g., onco-
logic vs nononcologic) heterogeneity was assessed using the χ2

test. The statistical analysis was performed on R (version 4.0.2).

Standard Protocol Approvals, Registrations,
and Patient Consents
Prospective surveys were conducted in patients (aged 18–99
years) pre- and post-LP to obtain paired data regarding patient
predictive perceptions and actual experience of LP. The study
entitled, “Patient and Clinician Based Perspectives of Lumbar
Puncture: A Survey Based Study”, was approved by the in-
stitutional review board (IRB) at Memorial Sloan Kettering
Cancer Center on 12/23/2016 as exempt protocol X16-042. The
University of Michigan IRB approved the protocol on January 18,
2018, as exempt protocol HUM00140158. Both IRBs deemed
this anonymous survey to pose minimal risk and determined it to
be an exempt protocol exemption #2 of the 45 Code of Federal
Regulations 46.101.(b).

Data Availability
The anonymized patient data and patient and physician
surveys will be shared at the request of any qualified in-
vestigator for purposes of replicating procedures and results.

Results
Patient Demographics
Patient demographics are summarized in Table 1. A total of
178 patients completed both pre-LP and post-LP surveys at
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Memorial Sloan Kettering Cancer Center (n = 131, 74%)
and University of Michigan (n = 47, 26%). About half were
women (n = 99, 56%). Age ranged from 18–39 (n = 28,
16%), 40–59 (n = 66, 37%), 60–79 (n = 73, 41%), to ≥80
years (n = 11, 6%). Body mass indices of patients ranged
from <18.5 (n = 4, 2%), 18.5–24.9 (n = 60, 34%), 25–29.9
(n = 78, 44%), to ≥30 kg/m2 (n = 36, 20%). The majority of
patients carried a diagnosis of malignancy (n = 143, 80%); 43
of these had primary CNS malignancy. Close to half of the
patients experienced their first LP as part of this study (n = 79,
44%). The other half had previously undergone LP < 1 year
(n = 74, 42%), 1–5 years (n = 13, 7%), or ≥5 years (n = 11, 6%)
before the time of completing the survey. One patient could
not specify date of prior LP.

Physician Demographics
Physician demographics are summarized in Table 1. A total
of 300 physicians completed the anonymous web-based sur-
vey (40% women) from medical nononcology subspecialties
(n = 117, 39%), oncology subspecialties (n = 90, 30%),

neurology or neurosurgery (n= 62, 21%), and other subspecialties
(n = 31, 10%).Themajority of physicians reported that they order
or perform LP as a routine part of their clinical practice (n = 193,
64%). Physicians’ age ranged from <40 (n = 98, 33%), 40–49
(n = 97, 32%), 50–59 (n = 57, 19%), to ≥60 years (n = 44, 15%).
Four physicians did not provide their age range. The physicians’
years in practice ranged from ≤5 (n = 69, 23%), 6–10 (n = 58,
19%), 11–20 (n = 85, 28%), to >20 years (n = 88, 29%).

LP Administration
The characteristics of LP procedures are summarized in
Table 2. The majority of LPs were performed for diagnostic
purpose (n = 155, 87%); the remainder were for therapeutic
(n = 12, 7%) or for dual diagnostic and therapeutic (n = 11,
6%) purposes in patients with malignancy. Most patients
(n = 151, 85%) correctly identified the indication for LP
before the procedure. A small number of patients either in-
correctly identified the LP indication (n = 18, 10%) or par-
tially identified the indication such as dual purpose when it
was for one indication or vice versa (n = 11, 6%).

Table 1 Survey Demographics

(A) Patients (N = 178) (B) Physicians (N = 300)

N % N %

Women 99 56 Women 119 40

Age range, y Age rangeb

18–39 28 16 <40 98 33

40–59 66 37 40–49 97 32

60–79 73 41 50–59 57 19

80+ 11 6 60+ 44 15

BMI range, kg/m2 Orders/performs LP

<18.5 4 2 Yes 193 64

18.5–24.9 60 34 No 107 36

25–29.9 78 44 Specialty

30+ 36 20 Medicine 117 39

Malignancy Oncology 90 30

Non-CNS 100 56 Neurology/NSG 62 21

Primary-CNS 43 24 Other 31 10

None 35 20 Years in practice

Prior LPa 0–5 69 23

Never (1st-time LP) 79 44 6–10 58 19

<1 y ago 74 42 11–20 85 28

1–5 y ago 13 7 >20 88 29

>5 y ago 11 6 — — —

Abbreviations: BMI = body mass index; LP = lumbar puncture; NSG = neurosurgery.
a One patient did not answer.
b Four physicians did not answer.
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LP was performed by advanced practice providers (n = 85,
48%), resident physicians (n = 52, 29%), or attending physi-
cians (n = 41, 23%). Themajority of LPs were performed at the
bedside (n = 131, 74%), and about a quarter of the procedures
were performed in interventional radiology (n = 47, 26%).

In addition to 15 patients (8%) who take anxiolytics regularly,
10 patients (6%) premedicated with an anxiolytic agent before
the LP. Eight patients (4%) took pain medication for the LP

before the procedure, and an additional 29 patients (16%) took
pain medication regularly. The majority (n = 150, 98%) of LPs
were successful.

Pain and Anxiety Related to LP
Patients were more anxious before the procedure compared
with after the LP (58% vs 35%, p < 0.001), self-rating at a
higher score on the 0- to 10-point scale pre-LP at median 3.0
(interquartile range [IQR] 0–5.0) compared with post-LP

Table 2 LP Procedure

Oncologic (N = 143) Nononcologic (N = 35) p Value Total (N = 178)

Indication

Diagnostic 120 (84%) 35 (100%) 0.0395 155 (87%)

Therapeutic 12 (8%) 0 (0%) 12 (7%)

Both 11 (8%) 0 (0%) 11 (6%)

Indication correctly identified before LP

Yes 121 (85%) 30 (86%) 0.781 151 (85%)

No 14 (10%) 4 (11%) 18 (10%)

Partial 8 (6%) 1 (3%) 9 (5%)

Performed by

PA or NP 85 (59%) 0 (0%) <0.001 85 (48%)

Resident 17 (12%) 35 (100%) 52 (29%)

Attending 41 (29%) 0 (0%) 41 (23%)

LP successful

Yes 139 (97%) 35 (100%) 0.715 174 (98%)

No 4 (3%) 0 (0%) 4 (2%)

Abbreviations: LP = lumbar puncture; NP = nurse practitioner; PA = physician assistant.

Figure 1 Discordance Between Patient and Physician Perceptions and Patient Experience of Lumbar Puncture

Physicians overpredicted pre-LP anxiety compared with the patient’s answers before the LP, both in (A) frequency (82% vs 58%, p < 0.001) and in (B) intensity
out of 0- to 10-point scale (median score 5.0 vs 3.0, p < 0.001). (C) Patients experienced less pain by than predicted on a scale of 0–10 (median 0 vs 3.0,
p < 0.001). Notably, 53% of the patients reported LP to be painless. Physician’s prediction of procedural pain was comparable to patient’s reported pain (1.5 vs
0, p = 0.1). LP = lumbar puncture.
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median 0 (IQR 0–3.0) (p < 0.001). Previous experience with
LP did not appreciably alter pre-LP anxiety: pre-LP anxiety
frequency was similar between patients with previous LP
experience and those who were undergoing the LP for the
first time (RR 0.86, 95% CI 0.67–1.11). Physicians over-
predicted pre-LP anxiety compared with patient self-report
both in frequency (82% vs 58%, p < 0.001) and intensity
(median physician predicted score 5.0, IQR 3.0–6.0 vs me-
dian patient pre-LP score 3.0, IQR 0–5.0, p < 0.001)
(Figure 1). The pain score given to procedural pain from LP
did not significantly differ between the 4 BMI ranges (p =
0.1022), or between category of proceduralist (p = 0.0771).

Patients reported significantly less pain than predicted. The
post-LP pain score (median 0, IQR 0–4.0) was significantly
lower than the pre-LP pain score (median 3.0, IQR 0–5.0) on
the 0- to 10-point scale (p < 0.001). In contrast, physicians
closely predicted patient-reported procedural pain intensity
(physician-predicted score median 1.5, IQR 0–4.0, p = 0.1)
(Figure 1).

Patientswhopredicted painwere 1.3 timesmore likely to feel pain
from LP (RR 1.3, 95% CI 1.0–1.8). There was a positive corre-
lation between predicting pain and experiencing procedural pain
(r = 0.23, p = 0.0024) and between predicting pain and feeling
anxious before LP (r = 0.52, p < 0.001). Pre-LP anxiety and
experiencing procedural pain were less strongly correlated
(r = 0.12, p = 0.1) (Figure 2). The procedure setting of the
procedure did not significantly affect experienced pain from LP
(p = 0.1449). The mean pain score for procedural pain at the
bedside was 1.5 (95% CI 0.79–2.19) and under fluoroscopy in
interventional radiology was 2.0 (95% CI 1.57–2.46).

Patient Symptoms Pre- and Post-
therapeutic LP
All 23patients undergoing LP for therapeutic purposes carried a
cancer diagnosis, and all reported at least 1 of 5 symptoms: gait
impairment (n = 12, 52%), headache (n = 12, 52%), general-
ized pain (n = 11, 48%), visual impairment (n = 7, 30%), or
nausea (n = 6, 26%). More than half of those who underwent
therapeutic LPs anticipated that the procedure would improve
their symptoms (n = 13, 57%), and a third of patients (n = 8,
35%) reported that the LP provided immediate symptom relief.
There were no statistically notable differences in the 5 symp-
toms measured (gait issue, headache, pain, vision trouble, and
nausea) either by frequency or by 0–10 scale before and after
the LP in the therapeutic LP group.

Would You Undergo LP Again?
Patients were asked whether they would undergo LP again, if
recommended by their doctor (Figure 3). Six patients
omitted this question and were excluded from analysis. After
having undergone the procedure, patient perspectives about
LP changed significantly: more patients reported that they
were willing to undergo repeat LP after having had the
procedure (before LP: n = 114, 66% vs after LP: n = 138,
78%, p < 0.001).

Discussion
In this prospective, multisite, survey-based study, we in-
vestigated both patient and physician perceptions of the LP
procedure. LPs were generally a well-tolerated procedure, a
fact in discordance with patient pre-LP expectations. Patients
scored experienced pain to be significantly lower than pre-
dicted pain, and less than half of patients actually described
the procedure as painful. Patients were more agreeable to
future LPs after the procedure than compared to beforehand

Figure 2 Patient Factors Associated With Experiencing
LP Pain

Spearman correlation demonstrates that (A) there is a positive correlation
with predicting pain and experiencing pain from LP (r = 0.23, p = 0.0024). (B)
Anticipating pain is also positively correlated with feeling anxious before LP
(r = 0.52, p < 0.001). (C) Moreover, there may be an association with expe-
riencing procedural pain with feeling anxious before LP (r = 0.12, p = 0.1).
LP = lumbar puncture.

Figure 3 Willingness to Undergo LP Procedure Again

Significantly more patients were agreeable to a repeat LP in the future after
having had the LP, compared with the same patients surveyed before the
procedure (66% before vs 78% after, p = 0.002). LP = lumbar puncture.
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(79% vs 66% “Yes,” 19% vs 32% “I don’t know”), which further
suggests that they found the procedure to be acceptable. Two
percent of patients answered that they would not want to un-
dergo LP again; this did not change on the pre- and post-LP
survey. Across medical specialties, physicians significantly
overpredicted patient LP anxiety but accurately rated the
procedural pain. We speculate that this overestimation of pa-
tient anxiety levels may contribute to delays in ordering a LP.
Although the majority of the study population were under care
for oncologic diseases, a sizeable minority of nononcologic
patients were surveyed for comparison. No differences between
these subgroups were identified.

Analysis of CSF for the purposes of tumor sampling or liquid
biopsy is rapidly becoming an essential diagnostic tool in the on-
cologic armamentarium.7,19 In the realm of neuroimmunology,
novel CSF biomarkers provide key diagnostic information.20-22 In
the setting of degenerative disease, CSF analyses can improve
clinical prognostication.23-25 Despite the utility of these studies,
there is a reluctance to include CSF collection(s) as part of clinical
trial design and/or routine clinical diagnostics: LP is perceived to
pose an undue burden on the patient. However, our study sug-
gests that LPs are well tolerated by patients. Importantly, 78% of
patients were amenable to a repeat procedure.

Patients who reported higher pre-LP anxiety and who predicted
higher pain levels on pre-LP survey subsequently rated higher
levels of pain from LP on the post-LP survey. This is in con-
cordance with prior studies that have demonstrated that pre-LP
fear and anxiety are risk factors for post-LP complications: pa-
tients who are more frightened of the procedure demonstrate up
to a sixfold increase inLP complications including pain.3,17,26 Our
data emphasize the importance of pre-LP pain and anxiety as a
targetable intervention to improve LP tolerability.27 Indeed,
previous work in patients with idiopathic intracranial hyperten-
sion, patients who felt less informed about the procedure tended
to have more post-LP complications.17,28 A nonpharmacologic
approach to sooth anxiety, such as music therapy, has shown to
reduce LP-related pain and anxiety in a randomized trial.29 Other
nonpharmacologic approaches might include improved patient
education before the procedure. A pharmacologic intervention
might reasonably include the use of anxiolytics. In our study, the
number of patients who received anxiolytics before the LP was
too small to draw conclusions as to whether this is an effective
intervention. This approach is likely most beneficial for patients
with exceptionally high pre-LP anxiety.30-32 Our results, similar
to prior findings,33 also indicate that a prior history of LPs does
not influence patient’s pre-LP anxiety levels, and therefore, cli-
nicians should take the time to adequately inform and describe
the procedure to all patients, including LP veterans. Of interest,
the BMI ranges did not affect the procedural pain significantly.
This is likely due to the majority of this study’s sample pop-
ulation being patients with cancer and having BMI less than 30
kg/m2. Although patients undergoing diagnostic LP might be
expected to experience some degree of post-LP anxiety in an-
ticipation of CSF results, we did not find increased anxiety levels
in our patient population post-LP.

AlthoughLPs are generally a diagnostic procedure, they can also
be therapeutic and help to treat symptoms of elevated in-
tracranial pressure stemming from hydrocephalus, lep-
tomeningeal disease, and infections such as cryptococcus.17,34,35

In 23 patients who underwent a therapeutic LP in our study,
there were no significant differences post-LP symptom ratings.
However, the small sample size prohibits definitive conclusions,
and further studies are needed to investigate the benefit of
therapeutic LPs.

There are several limitations to our study. Our cohort’s LP
success rate of 98% is significantly higher than the usual
bedside LP success rate.36 There are likely several reasons for
this discrepancy. In our study, most patients were nonobese
and had BMIs <30 kg/m2, and in addition, all patients did
not have significantly altered mental status; they needed to
complete surveys, both of which are factors that influence LP
difficulty. In addition, although most LPs were completed by
midlevel providers or resident physicians, all these providers
were specialty trained and possessed significant procedural
experience: the high level of expertise of the practitioners
that likely attributed to the high success rates seen in this
study is likely true of many dedicated LP clinic in academic
centers or neurology practice. In this study, information
regarding existing comorbid mood disorder and/or pain
disorders was not collected; however, it would be of interest
in future studies to determine whether there are additional
risk factors predisposing patients to feeling anxious before
LP. Our population’s reported anxiolytic and analgesic use
(6% and 4%, respectively) is lower than the general neuro-
logic and oncologic populations.37-39 Our study also did not
control for needle type (Quincke or Sprotte) or the patient
position (sitting vs recumbent), both of which may influence
post-LP pain.3,40

LPs are generally well tolerated, and the majority of patients
experienced minimal procedural pain. Anticipation of pain is
associated with pre-LP anxiety and ultimately procedural tol-
erability and pain; thus, patient education using evidence-based
data to curb the fear of the procedure and pre-LP anxiolytic in
highly anxious may improve the tolerability of this essential
procedure in neuro-oncology practice and clinical research.
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TAKE-HOME POINTS

Lumbar punctures are less painful than patients
predict.

Physicians accurately predict patient pain from
lumbar puncture but overestimate patient anxiety
about the procedure.

Patients anxious before lumbar puncture are more
likely to experience a higher level of pain with the
procedure.

Measures to reduce patient anxiety may improve
lumbar puncture tolerability.
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